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Acceptability 
The effects of micrococci on sensory characteristics 
of different batches of summer sausages were determined. 
Sixty four salt-tolerant indigenous isolates were selected 
from beef or mutton treated with 1.5 or 3.0% sodium 
0 
chloride and 120 ppm sodium nitrite, and held at 5 or 10 C 
for 5 days. These isolates (61/64) were identified as 
staphylococci and micrococci. Summer sausages were made 
from several lamb, ewe, and ram carcasses which were hand 
deboned and blended after grinding to contain 22% fat. Six 
summer sausage treatments were prepared using two 
different sources of commercial starter cultures including 
Micrococcus species or Micrococcus vari ans and 
Lactobaci I lus plantarum, an indigenous Micrococcus 
isolate, a microbial lipase, or encapsulated lactic acid. 
Three sensory panel sessions rated these products for 
i x 
consuiner acceptabi I ity. Sensory panel results indicated 
that starter culture treatments did not improve sensory 
characteristics of the summer sausage over the treatment 
containing encapsulated lactic acid. Lipase addition 
caused a general reduction in sensory panel ratings for 
flavor, texture, appearance, and overall acceptability of 




Consumption of lamb and mutton in the United States 
dropped from 3.0 kg per capita in the 1930's to less than 
one fourth this amount at the present time (Field et 
al. ,1983). Objectionable mutton or lamb flavor to U.S. 
consumers was suggested as a main reason for this decrease 
(Crouse, 1983; Field et al., 1983). 
LAMB/MUTTON FLAVORS ANO AROMAS 
The term lamb/mutton flavor or aroma is used to 
refer to the characteristic flavor of ovine meats, 
regardless of sex or age, which is unacceptable to many 
people (Cramer, 1983). Many investigators have tried to 
define the compounds responsible for mutton flavor which 
have yet to be totally identified (Wong and Mabrouk, 1979; 
Wong et al., 1975 a; wong et al., 1975 b; Nixon et al., 
1979; Sink and Caporaso, 1977; Hofstrand and Jacobson, 
1960; Jacobson and Koehler, 1963; Hornstein and Crowe, 
196J). Wong et al .(1975 a,b) found that branched chain and 
unsaturated fatty acids having 8 10 carbon atoms, 
particulary 4-methyl branched C 
9 
and C acids contributed 
lU 
to an undesirable mutton flavor in cooked mutton fat. 
Hofstrand and Jacobson (1960) concluded that fat may 
contribute to the aroma of lamb and mutton broths through 
their studies on mutton broths containing 
2 
different 
amounts of lamb/ewe fat. Lamb flavor components in the 
water-soluble and volatile fractions from roasting lamb 
were studied by Jacobson and Koehler (1963), and they 
found that carbonyl compounds were the important 
contributors to lamb flavor or aroma. Hornstein and Crowe 
(1Y6J) noticed that removal of carbonyl compounds such as 
2,4-dinitrophenylhydrazones (2,4-UNPH) from total 
volatiles of lamb fat also removed lamb aroma. Jacobson 
and Koehler (1963) also suspected this 2,4-0NPH as a 
contributor of lamb flavor from vapors of roasting lamb. 
~ut Chang and Peterson (1977) classified carbonyl 
compounds as probably not being primary contributors to 
meat flavor. They listed likely contributors to meat 
flavors as lactones, acyclic sulfur containing compounds 
(mercaptans, sulfides), non-aromatic heterocyclic 
compounds (S,N,U containing compounds such as 
hydrofuranoids) and heterocyclic aromatic compounds (S,N,O 
containing compounds such as thiopenes and pyrazines). 
~ecently, Cramer (1983) proposed an interesting 
hypothesis that sheep may have developed a unique 
mechanism to store sulfur compounds due to their increased 
requirements to maintain wool growth. Sulfur storage at 
increased levels in the adipose tissue could provide 
compounds responsible for species specific lamb/mutton 
flavor. It is a persuasive hypothesis because only sheep 
have wool 
j 
with increased sulfur required for growth 
instead of hair as in other animal species. Species 
specific flavors may also be produced by heating from 
precursors present in the adipose tissues (Sink and 
Caporaso, 1977; Kunsman and l{iley, 1975; Wong et al., 1975 
a; Hofstrand and Jacobson, 1960; Hornstein and Crowe, 
19 63 ; Jacobson and Koehl e r, 196J; Cramer, 1983). 
Use of mutton in processed meat product5 wi l 1 l i k el y 
be increased with reduction of unacceptable mutton flavor 
thereby benefitting mutton producers as wel 1 as consumers. 
LIPASE ACTIVITY 
Cantoni et al. {1967) showed that micrococci could 
be the most important group of microorganisms i n 
hydrolyzing fat due to their lipase activity in fermented 
sausage production. Haymon and Acton {1978) also stated 
that micrococci were active lipase producers. The activity 
of microbial lipase from Micrococcus caseolyticus was 
determined by Jonsson and Snygg {1974). They showed that 
maximal lipolytic activity of M. caseolyticus occurred 
0 
after 2 days at 40 c and pH 9. 5. Alford et al • (1971) 
snowed that the hydrolytic activity of these 
microorganisms i s dependent on ( l ) substrate fat , ( 2 ) 
incubation temperature, (3) medium composition, and (4) 
avai !able oxygen. Lawrence et al. (1967) showed that 
formation of extracellular lipase was a constitutive 
4 
property of M. freudenreichi i, NCO O l 2 2 3. Lipase 
a c tivity was noticeably influenced by different 
nutritional and physical conditions including incubation 
temperature, aeration or initial pH value of the growth 
medium. Lawrence et al .(1967) also compared a Micrococcus 
versus a Pseudomonas lipase and found that the lipase from 
th e Micrococcus was mor e heat resistant and more active 
towards ester linkages containing short chain than long 
chain fatty acids. Pseudomonas lipase acted preferentially 
on the long chain fatty acids. Demeyer et al. (1974) 
suggested that selective hydrolysis of unsaturated fatty 
acids may be a factor causing flavor change by possibly 
contributing to increased peroxide and carbonyl compound 
levels. 
Many lactobacilli including Lactobacillus plantarum 
have been reported to have lipase activity as well 
(Uterholm et al., 1968; Fryer et al. ,1967). Uterholm et 
a l . (1Y68} found that lipases of 1actobaci1li were 
intracellular in contrast to the extracel lar I ipases of 
micrococci. Li pases from I actobaci 11 i were more active 
toward tributyrin than tricaproin triglycerides. Optimum 
pH and temperature ranges for lipase from Aspergi 1 lus 
0 
ni ger were pH 5.6 and 25 C, respectively. Lipase from~ 
n i ge r hydrolyzes triglycerides without positional 
specificity (~rockerhoff and Jensen, 1974). Alford et al. 
(1964) found three types of microbial lipases on 
5 
positional and fatty acid specificities: Pseudomonas 
species attacked primarily the 1-position, Staphylococcus 
aureus and Aspergi I lus flavus attacked either the 1-, 2-
or J-position of triglycerides, but Geotrichum candidum 
attacked oleic acid linkages regardless of position. As 
digestive lipases, pancreatic lipases are produced in the 
pancreas of mammals for hydrolysis of triglycerides. 
Sodium chloride (U.l M) has been found to activate 
hydrolysis of tributyrin by pancreatic lipase (8rockerhoff 
and Jensen, 1974). Alford et al. (1964) concluded that 
most microbial lipases were similar to pancreatic lipase 
in attacking primarily the 1-position of the triglyceride, 
although the rate of hydrolysis of certain fatty acids may 
differ greatly among microbial and pancreatic lipases. 
HICRUCUCCI ANU LACTU8ACILLI 
AS STARTER CULTUHES 
Microorganisms have been used as starter cultures in 
fermented sausages to improve product consistency and 
quality in the areas of color, flavor, and safety (Smith 
and Palumbo, 1981). Some manufacturers may sti 11 practice 
"back-slopping" where part of a fermented batch serves as 
starter inoculum for the next batcn (Ualy et al., 1973). 
Micrococci produce nitrate reductase wnich reduces nitrate 
to nitrite for cured meat color and flavor development in 
fermented sausages (Palumbo and Smith, 1977). European-
6 
style sausages employ Micrococcus starter cultures to 
r e duce nitrate to nitrite but micrococci are poor acid 
producers, and lactic acid production relies on chance 
inoculation of homofermentative lactic acid microorganisms 
in the meat (Bacus, 1984). Thus, to encourage growth of 
homofermentative bacteria such as lactobacil li or 
pe diococci, 
0 
low temperatures (less than 23.9 C) and slow 
f e rmentation rates are used by European manufacturers 
(tlacus, 1984). 
The primary role of lactobacil li i n fermented 
sausages is for lactic acid production from added 
carbohydrates. This reduces the pH and increases the 
product safety (Daly et al., 1973) as well as its tangy 
flavor (Smith and Palumbo, 1983). Reduction of mutton 
flavor by using micrococci starter cultures in fermented 
sausage production appears feasible because their lipase 
enzymes break down fats (Cantoni et al., 1967) which may 
contain 0~jectionable mutton flavor (Cramer, 1983). 
OBJECTIVE 
The purpose of this research was to determine effects 
of micrococci on improving sensory acceptabi 1 ity of mutton 
summer sausage. One indigenous Micrococcus sp. was 
isolated, characterized and compared to commercial strains 
in sensory effects of summer sausage. L. plantarum was 
used to produce lactic acid from added sugar in the 
sausage fermentation, thus 
7 
lowering the pH of product. 
Lipase was added to examine organoleptic changes due to 
fat hydrolysis. Encapsulated lactic acid was added because 
it may eliminate the need for lactic acid bacteria in 
producing fermented sausages. 
CHAPTER ll 
CULTlVAflUN ANU CHARACTERlZAflUN UF lNDlGENUUS 
MlCROCUCCI FRUM BEEF ANU MUTTON MEATS 
INTRUUUCTION 
Natural microflora in meats can be cultivated and 
used to improve the qua I ity of fermented sausage products 
as long as the desired microorganisms predominate (Smith 
and Palumbo, 1983). Aging salted meats at low temperatures 
i s one of the ways to encourage fermentation 
microorganisms such as lactobacilli to proliferate (Smith 
and Palumbo, 1983). ~artholomew et al. (1984) showed that 
addition of 1.5% NaCl and 120 ppm sodium nitrite, with a 5 
0 
day holding period at 10 C under anaerobic conditions 
al lowed good cultivation of lactic acid bacteria in beef 
and mutton meats. Micrococci, which are salt tolerant 
(Buchanan and Gibbons, 1974), can be encouraged to grow by 
adding NaCl and holding the meat at refrigeration 
temperatures {Palumbo et al., 1976). 
The purpose of this experiment was to cultivate and 
characterize indigenous micrococci from beef and mutton. 
One Micrococcus sp. isolate was used as inoculum for one 
summer sausage treatment in chapter Ill to compare its 
effects on flavor compared to some commercial Micrococcus 
starter cultures. 
9 
MATERIALS & METHUUS 
Sample Preparation 
The mutton meat used in this study was from an ewe 
purchased from Utah State University (USU) Animal Science 
Uepartment. The ewe was hand deboned after slaughter. 
Visible fat was trimmed to obtain lean (i 20% fat) and fat 
mea ts (>20% fat). Mutton meats were placed in 
polyethylene 0 bags, vacuum packaged and placed in a -30 C 
freezer for about 3 days prior to use. 
Ground beef was purchased from the USU Meat lab and 
contained 23.8% fat. Mutton meat was taken · as required, 
thawed overnight and ground twice through a 6.35 mm 
grinder plate and blended with mutton fat to get 22% fat. 
Hlended meat was ground once through a 3.2 mm grinder 
plate after mixing with treatment ingredients. Fresh 
ground beef treatments were also prepared with proper 
levels of curing ingredients as described in the following 
paragraph. Each sample was placed in a hand sealed 
polyethylene bag al lowing an aerobic atmosphere to exist 
around the meat. 
Experimental Uesign 
A 2x2x2 factorial design experiment was used for 
this study using different meats, 
different holding temperatures for 5 days, 
beef or mutton, 
0 
5 or 10 C, 
and different levels of sodium chloride (NaCl), 1 • 5 or 
lU 
J. 0%. Sodium nitrite was added at a constant rate of 120 
ppm (0.12 g NaNU / kg meat) in each treatment. This 
2 
experiment was replicated once. 
Chemical Analyses 
Rapid fat analyses (Appendix A) were performed to 
determine fat content in beef and mutton meats. 
Plate Counts 
Total aerobic plate counts of microorganisms were 
determined using APT (Difeo; Detroit, MI) agar {Palumbo 
et al. ,1976) incubated at 32oC for 2 days. Indigenous salt 
tolerant staphylococci and micrococci were enumerated on 
0 
Mannitol Salt agar {MSA; Difeo) incubated at 32 C for 3 
days (Palumbo et al., 1976). Four representative colonies 
were selected for each of 8 treatments from MSA plates and 
were streaked on APT agar for purification and incubated 
0 
at 32 C for 2 days. Single colonies were selected for 
inoculation in Brain Heart Infusion ( B H I ; BBL, 
0 
Cockeysvil le, MO) agar slants and incubated at 32 C for 1 
day. A total of 64 isolates on Brain Heart Infusion agar 
slants were made by replication of experiment as described 
0 
above and stored in the refrigerator (0 - 2 C) 
identification tests were completed. 
Identification Tests 
u n ti l 
The 64 salt tolerant strains of indigenous microflora 
l 1 
on ~HI agar slants were streaked and grown on 8Hl agar 
0 
plates incubated at 32 C for 2 days. These freshly 
cultivated isolates were used for carbohydrate 
fermentation, Gram stain, catalase, and coagulase tests. 
The MlNITEK system (88L) was used for nitrate reduction 
and carbohydrate fermentation tests (Appendix 8 ) . 
Carbohydrat e s test ed in aerobic fermentation included 
dextrose. mannitol, trehalose. and sucrose. Anaerobic 
fermentation tests incorporated dextrose and mannitol. 
Voges-Proskauer disks (MINITEK system) were incubated 
aerobically to differentiate micrococci from 
staphylococci. Arginine substrate disks (MINITEK system) 
were also incubated anaerobically to test for arginine 
dihydrolase production which is a unique property of 
M. varians. Anaerobic testing was accomplished using 
GasPaks in plastic anaerobic jars fitted with GasPak 
palladium-coated alumina pellet catalysts {BBL, 
Cockeysville. MU). 
Table 1 shows the identification scheme used to 
identify salt tolerant micrococci and staphylococci. One 
indigenous isolate was selected for later use in one 
treatment of the summer sausage experiment of chapter II 1. 
Coagulase Test 
Coagulase tests were performed to distinguish 
micrococci and coagulase negative staphylococci from 


















Gram stain + + + 
Cata lase + + + 
Glucose 
aerobic l) + + 
anaerobic + 
Mannitol 
aerobic + + + 
anaerobic I) 
Nitrate 
reduction 0 + + 
Arginine 
anaerobic 0 + 
Voges-Proskauer 0 + 
Coagulase I) 
---------------------------------------------------------
O = Diverse results among species. 
1 3 
S. aureus. ~ aureus is a food-borne pathogen which reacts 
to give a positive coagulase test. (8uchanan and Gibbons, 
1974). The 64 pure cultures were grown on 8Hl plates and 
0 
incubated at 32 C for 2 days. Macrocupules (STAPHase 111, 
API Analytab Products, Plainview, NY) containing 
vacuum dried rabbit plasma with ethylenediaminetetra-
ace tic acid ( EUTA) were inoculated with each separate 
0 
isolate and incubated at room temperature (18 - 20 C) for 
24 hours using recommended procedures (Appendix D). 
RESULTS & DISCUSSION 
Table 2 shows the results of total aerobic plate 
counts on APT (Difeo) and MSA (Difeo) agar plates for 8 
treatments of beef and mutton meats. 
0 
Samples held at 10 C 
had higher counts. Different levels of sodium chloride did 
not produce consistent trends in APT or MSA plate counts. 
There were no observable trends due to meat types of beef 
or mutton. 
Indigenous salt tolerant micrococci and staphylococci 
0 
were successfully cultivated using 5 and 10 C, 1.5 and 
3.0% NaCl and 5 days with 120 ppm NaNU under aerobic 
2 
conditions using beef or mutton meat (Table 2). These 
results show that the procedures used by 8artholomew et 
al. (1984) for cultivating lactobacilli also works for 
micrococci. 8ecause of higher plate counts on both APT and 
0 
MSA plates, a holding temperature of 10 C, rather 
1 4 
Table l. a Total aerobic plate counts per gram of 
cultivation of salt tolerant, Gram 






APT agar d Mannitol Salt Agar 
---------------------------------------------------------
0 
13eef/5 c 7 4 e 1. 5% NaCl 4.lxlO 7.5xl0 Est. 
0 
l3eef/10 c 7 6 1. 51, NaCl 5. 7xl0 1.7xl0 Est. 0 
13eef/5 c 7 4 3.0% NaCl 1. 8x 1 O 2.9xl0 
0 
Beef/10 c 8 5 3.0% NaCl 1. 5x 1 O 1. Ox 10 Est. 0 
Mutton/5 c 4 4 1. 5% NaCl 6.2xl0 1. 3x 10 
0 
Mutton/10 c 8 6 1. 5% NaCl 2.3xl0 2.0xlO Est. 
0 
Mutton/5 c 4 4 3.0% NaCl 5.9xl0 l.9xl0 
0 
Mutton/IO c 6 6 3.0% NaCl 3.3xl0 l.7xl0 Est. 
---------------------------------------------------------3 
) 
The plate counts are the average of duplicate samples for 
each treatment. 
Each treatment was held for 5 days before sampling. 
0 
Plates were incubated at 32 C for 2 days. 
i O 
Plates were incubated at 32 C for 3 days. 
( 
Estimated Plate Count procedure (Post, 1983) used on 
plates that were too numerous to count ( > 300 
cfu / plate). 
0 
l 5 
tnan SC, with a 5 day incubation period is recommended to 
cultivate indigenous microflora. Levels of sodium chloride 
did not affect the plate counts but higher levels of NaCl 
should be more selective for salt tolerant micrococci 
(tluchanan and Gibbons, 1974). Sixty-one of 64 isolates 
were Gram positive cocci and 3 isolates were Gram negative 
rods. Sixty-two isolates were catalase positive. Only 3 
isolates produced weak positive coagulase tests (Appendix 
E ) • The 3 coagulase positive isolates did not ferment 
dextrose under aerobic or anaerobic conditions indicating 
that they were not S. aureus. All the 64 isolates were 
nitrate positive under both aerobic and anaerobic 
conditions (Table 3, 4). Thirty isolates fermented 
dextrose aerobi ca 11 y and 23 isolates fermented it 
anaerobically. Mannitol was fermented by 35 isolates 
aerobically and by 11 isolates anaerobically. Thirty 
isolates produced acid from trehalose aerobically. Twenty 
six isolates were VogEs-Proskauer positive and 45 isolates 
were sucrose positive under aerobic conditions. Ammonia 
was produced from arginine under anaerobic conditions 
indicating that 23 isolates were positive for the arginine 
dihydrolase enzyme. Some of the 64 isolates fel I into the 
same identification groups (35 isolates in groups of 2-4 
isolates) but the other 29 isolates were diverse in their 
biochemical reactions {Appendix E). Characteristics of two 
isolates matched those of M. varians except for the 
1 6 
Table 3. Characterization of indigenous isolates from beef 
and mutton using the MINITEK system under aerobic 
conditions 
---------------------------------------------------------
a Nitrate Dextrose Manni to I Trehalose V-P Sucrose reductase 
---------- --------- --------- ----------- - - - - - --------b 
64/U 30/34 35/29 
c 
30/34 26/38 45/19 
(1UU%) (47%) ( 5 5 % ) (47%) (41%) ( 7 0 '.%'.) 
---------------------------------------------------------a 
b 
Voges-Proskauer test for acetylmethylcarbinol (acetoin) 
production from glucose fermentation. Staphylococci are 
usually positive, micrococci are negative. 
Numbers of isolates : positive/negative. 
c 
Percentage of positive reactions. 
Table 4. Characterization of indigenous isolates from beef 
and mutton using the MINITEK system under 
anaerobic conditions 
---------------------------------------------------------Nitrate reductase Dextrose Mannitol Arginine ------------------ ---------- ----------a 
64/0 23/41 11/53 
b 
(100%) (36%) (17%) 
-------------------------------------------------a 
Numbers of isolates : positive/negative. 
b 





Voge s-Proskauer reaction (Table 5). Hecause M. varians 
strains produce variable results with arginine hydrolysis 
( I es s than 90% of strains are arginine dihydrolase 
positive) and most strains reduce nitrate to nitrite 
(Huchanan and Gibbons, 1974), this indigenous isolate was 
most closely related to Micrococcus varians. This culture 
was isolat e d from beef treated with 3.0% NaCl and held at 
0 
5 C for 5 days and was selected for use in one of the 
summer sausage treatments in chapter III. ~ecause S. 
aureus cultures were not found among the indigenous 
isolates, this method of cultivating micro~lora appears 
safe for summer sausage processing. However, growth of S. 
aureus in fermented sausages is more likely to occur when 
using the indigenous microflora (Smith and Palumbo, 1981). 
It was concluded, on the basis of the biochemical and 
cultural patterns, that the indigenous organism (isolate 
No. 10) selected for use in the sensory acceptability 
study (chapter III) was indeed a member of the genus 
Micrococcus. 
Table S. Identification scheme for species of micrococci 


































Coagulase - - -
----------~----------------------------------------------
V = Variable results, less than 90% of strains are 
arginine dihydrolase positive. 
* 
Micrococcus roseus has the same characteristics as M. 
var1ans except for variable results on glucose (aerobicT 
and negative results on arginine hydrolysis and red 
versus yellow/white pigmentation. 
CHAPTER III 
uETERMINAT[ON OF EFFECTS OF MICROCOCCI 
ON IMP~OVING SENSORY ACCEPTABILITY 
OF MUTTON SUMMER SAUSAGE 
INTROOUCTION 
1 9 
Use of mutton meat in fermented sausages can be 
increased if objectionable mutton/lamb flavor is reduced 
(Sink and Caporaso. 1977). Many starter cultures have been 
developed and used for fermented sausages (Smith and 
Palumbo, 1983). General benefits for using starter 
cultures are shortening of fermentation schedules, keeping 
unique and consistent product quality and lengthening 
product shelf life while maintaining product safety (Bacus 
and Brown, 1981). At the present time, Micrococcus. 
Lactobaci 1 lus. and Pediococcus species are successfully 
used alone or in combination to produce fermented sausages 
with the above named benefits (Smith and Palumbo, 1983). 
L. plantarum and p • cerevisiae bacteria are 
homofermentative starter cultures needed to produce lactic 
acid in fermented sausages. Lactic acid is produced from 
sugars through the Embden-Meyerhof-Parnas (EMP) pathway by 
these lactic acid bacteria. Production of lactic acid in 
the meat gives it a tangy flavor whi 1 e the pH drop 
protects the products from the growth of food-borne 
l'.'0 
pathogens (Ualy et al., 1973). 
Micrococci have been used extensively in Europe to 
produce desirable cured meat color and flavor because of 
their nitrate reducing abilities in fermented sausages 
( ~acus, 1984). Lipase activity of micrococci in fermented 
sausages has been reported (Cantoni et al., 1967; Haymon 
and Acton, 1978; Jonsson and Snygg, 1974). Many 
lactobacil Ii including L. plantarum are also known as 
lipase producers (Uterholm et al., 1968} although they 
need long incubation times to produce lipases (Fryer et 
al., 1967). 
Micrococci and lactobacilli can hydrolyze fat which 
may change the flavor in meat products (Demeyer et al., 
1974). It has been generally recognized that fat contains 
species specific flavors (Sink and Caporaso, 1977; Kunsman 
and Riley, 1975; Wong et al., 1975 a; Cramer, 1983). 
Objectionable species specific mutton/lamb flavors are 
parciy responsible for decreased lamb/mutton consumption 
in the United States {Crouse, 1983; Field et al., 1983). 
Micrococci may contribute to flavor improvement due to 
their lipase enzymes in mutton fermented sausages. Solving 
this flavor problem will possibly increase the potential 
use of mutton in the U.S. and give benefits to both 
consumers with possible lower summer sausage prices and 
producers with potentially increased mutton prices due to 
greater demand. 
n 
The purpose of this study was to determine the 
effects of indigenous and commercial strains of micrococci 
on improving sensory acceptability of mutton summer 
sausage. Lipase from A. niger was added to examine 
organoleptic changes due to fat hydrolysis. Uirect 
acidification using encapsulated lactic acid was applied 
as one of the summer sausage treatments because it mey 
eliminate the need for lactic acid bacteria in producing 
fermented sausages. 
MATERIALS & METHOOS 
Summer Sausage 
Six summer sausage treatments with 3 batches of each 
were prepared using different sources of commercial 
starter cultures, an indigenous Micrococcus isolate 
(chapter II}, a microbial lipase, or encapsulated lactic 
acid (Table 6). Commercial starter culture identification 
was verified (including!:!...=._ varians, ~ sp.) using methods 
deacribed in chapter II {Appendix F). L. Plantarum was 
identified using the MINITEK system under anaerobic 
conditions {Appendix G). Commercial starter culture 
inoculum preparations (freeze-dried or frozen 
concentrates) were enumerated on APT (Difeo) agar plates 
to establish levels needed for sausage inoculation. The 
indigenous Micrococcus sp. inoculum was prepared (Appendix 
I) and cell concentrations for inoculation were 
Table 6. Source and amount of acidulant, starter culture, 
or 1 i pase added per gram of meat to different 






Source Amount of 
ingredient 






















SCM Corp. 0.0108 
6 
Trumark Inc. 2.4xl0 
6 
Trumark Inc. 5.5xl0 
6 
ABC Research 2.2xl0 
7 
ABC Research 5.7xl0 
6 
Trumark Inc. 5.5xl0 
Amano Co. 0.0022 
6 
Trumark Inc. 5.SxlO . 
6 
Trumark Inc. 5.SxlO 
6 
(chapter II) 3.3xl0 
----------------------------------------------------------
a 
Sources of ingredients: 
Encapsulated lactic acid - SCM Corp. Cleveland, On. 
Freeze-dried starter cultures - Trumark Inc., Rosel le, NJ. 
Frozen concentrate starter cultures - ABC Research Corp., 
Gainsville, FL. 
Lipase - Amano International Enzyme Co., Inc. Troy, VA. 
b O 
c 
Encapsulated lactic acid (135-50) (melting point = 57.Z 
C = 135 F ; concentration = 50t). 
Company trade name: Custom Cultures. 
d 
Lipase enzyme derived from a selected strain of 
Aspergillus niger. Company trade name: LIPASE-AXE. 
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approximated by using McFarland nephelometer barium 
sulfate standard # 5 (Lennette et al., 
6 
1980) to give a 
treatment inoculation of l.OxlO cells/gram of meat. 
Lamb, ram, and ewe meats from animals of different 
ages and breeds were combined in an effort to get meat 
with increased levels of mutton flavor for this 
exp e riment. These animals were from feed lots and lacked 
intense mutton flavor possible in animals coming off the 
range (Field et al., 1983). Several preliminary batches of 
summer sausage were made from these meats for selecting 
treatments to be utilized in this experiment. Lean and fat 
meats from different carcasses were removed by hand 
0 
deboning and then frozen at -30 C u n ti 1 needed. Lean and 
fat portions of mutton/lamb meats were ground separately 
and then blended together to produce a 22'.t fat meat block 
(Rust, 1975) by hand mixing. Table 7 shows the summer 
sausage formulations and processing methods. The 
encapsulated lactic acid treatment was placed in a cooler 
0 
(approximately O C) after stuffing and then cooked with 
the other treatments. The wet bulb thermometer of the 
single cage smoke house (Koch, Kansas City, MU) was set at 
0 
l9.4 C with 1001, R.H. (Relative Humidity) produced by 
saturated steam to provide micrococci and lactobaci l li a 
temperature in their optimum growth ranges (euchanan and 
Gibbons, 1974). Fat contents of the raw meats were 
determined by a rapid fat analysis method (Appendix A). 
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fable 7. Summer sausage formulation and processing 
--------------------------------------- ------------------Ingredients Formulation(:t) 
---------------------------------------------------------
Meat block(22% fat) 
Encapsulated 
Lactic acid 
Sodi um chloride 
Corn syrup solids 
Sucrose 
Ground black pepper 
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l.Grind meat through a 3.2 mm plate. Combine fat and 
lean meats to make a 22% fat meat block (Kramlich et 
al., 1973). 
2.Hand mix cure and spices and liquid smoke with meat. 
Mix in starter cultures or encapsulated lactic acia last. 
3.Stuff in pre-soaked mahogany fibrous casings (5.lx76.2 
cm Tee-Pak, Riverside Plaza, IL) and leave in smoke 
house at 29.4 C with 100% R.H.{Relative Humidity) until 
sausages reach a pH of 5.0 or less. Leave the encapsul-
ated lactic acid treatment in the cooler covered by 
plastic over-wrap after stuffing. Cook this sausage 
treatment with the other sausages in step 4. 
4.Cook sausages at 69.2 C dry bulb and 60 C wet bulb for 
2 hours then 79.4 C dry bulb and 69.4 C wet bulb to get 
64.4 C internal temperature with the smoke producer on. 
Natural smoke was generated using hardwood sawdust from 
Wondersmoke, Milwaukee, WI. 
ZS 
This experiment was replicated 3 times. 
~ Measurements 
Acid production in the sausages was measured by 
taking pH measurements with a Fisher Accumet pH meter 
Model 610A (Fisher Scientic Co. Pittsburgh, PA) fitted 
with a CORNING X-EL Combination electrode (CORNING; 
Medfield, MA) at different time intervals during the 
fermentation ( 0 • 12, 14, 16, 18, and 20 hours). 
Approximately 1.5 cm thick slices were cut from the bottom 
of the sa~sages and then blended with 100 ml of deionized 
water using an Osterizer blender (Oster, Mtlwaukee, WI) 
using the blend setting for 3 min prior to measuring the 
sample pH. Summer sausage treatments were removed from the 
fermentation chamber once a pH of 5.0 was attained. Total 
plate counts of the raw, fermented sausage treatments were 
determined using standard enumeration procedures (Post, 
1983) on APT, MRS, and MSA (Difeo) plates. APT plates 
0 
were incubated aerobically at 30 C for 2 days and MRS 
0 
plates were incubated anaerobically at 30 C for 2 days. 
0 
MSA plates were incubated aerobically at 30 C for 4-8 days 
until countable colonies were present. 
Sensory Panel Sessions 
Three consumer preference sensory panel sessions 
(130 to 137 judges per session) evaluated the 6 treatments 
for 3 different batches of summer sausage. The taste panel 
. ": .. . , . .... 
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data for 25 judges was e valuated in the statistical 
analyses because th e se individuals participated in all 3 
s e ssions. The untrained judges evaluated the products on 
'Appearance', 'Texture ' , 'Flavor', and 'Overall 
Acceptance'. A hedonic scale of l - 9 l = disliked 
extremely and 9 = liked extremely) was used (Appendix J). 
Summer sausages were s lic e d {0.3 - 0.5 mm thick) using 
either a kitchen slicing knife or a meat slicer (Berkel 
Inc., Model 818, La Porte , IN). These slices were 
quartered by hand, covered with plastic over-wrap and 
0 
maintained at room temperature (approximately 20 C) before 
tasting. Judges were requested to rinse their mouths with 
cold water between samples. The individual sensory panel 
booths were illuminated by white fluorescent lamps. 
Chemical Analyses on Products 
AOAC methods (1984, 14 ed.) of analysis for moisture 
{24.003), protein (24.038), fat{24.005), ash{24.009), and 
free fatty acid contents{28.032) were used to determine 
composition of summer sausages. Protein analyses were 
measured on a Kjeltec Auto 1030 Analyzer (Tecator Ab, 
Hoganas, Sweden). Fat for the free fatty acid analysis was 
extracted using a mixture of methanol and chloroform 
(Appendix K). 
Statistical Analyses 
Sensory panel data and chemical analyses data were 
. .. ..... , .. ......... 
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analyzed using the analysis of variance, Duncan's new 
multiple range test (Oowdy and Wearden, 1983) Least 
Significant Difference (LSD) and correlation coefficient 
methods (Snedecor and Cochran, 1967). 
RESULTS & DISCUSSION 
Summer Sausage Fermentation 
Treatment #3 (Table 6) had the fastest pH drop during 
fermentation in batches l, 2, and 3 (Figure 1,2,3). It was 
probably due to higher inoculation amounts of~ plantarum 
and because frozen concentrated starter cultures generally 
become metabolically active sooner than freeze-dried 
starter cultures (Keller and Acton, 1974). In batch 1 and 
batch 2, it took 18 hours for all treatments to reach a pH 
of approximately 5.0. All treatments reached a pH of less 
than 5.0 after 20 hours in batch 3 perhaps due to higher 
initial pH values of the treatments. Plate counts on APT, 
MRS and MSA (Difeo) agars after the fermentation step in 
processing are given in Tables 8 and 9. Treatment #3 had 
the highest counts in al 1 three batches on APT, MRS, and 
MSA plates because of higher inoculation levels at the 
start of the fermentation period (Table 6) and higher 
metabolic activity of frozen concentrated starter 
cultures. Lower counts on MSA plates indicated that salt-
tolerant micrococci or staphylococci had reduced numbers 
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Figure 2. 8atch 2 pH vdlues of summer sausage treatments 
#1 through #5 during fermentation. 
The wet bulb setting was 29.4 C with 100! R.H. 
(Relative Humidity). Treatment numbers 
correspond to numbers in Table 6. Treatment 
#1 was not fermented. 
:rn 
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Timo (hour~) 
Figure 3. 8atch 3 pH values of summer sausage treatments 
#1 through 16 during fermentation. 
The wet bulb setting was 29.4 C with 100% R.H. 
(Relative Humidity). Treatment numbers 
correspond to numbers in Table 6. Treatment 
#1 was not fermented. 
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r able 8. Total plate counts per gram of meat after the 
fermentation step i n summer sausage processing 
----------------------------------------------------------
Hatch 1 Hatch 2 Hatch 3 
-------------- ---------------- ----------------T rt. a b a b a b 
No. APT MRS APT MRS APT MRS 
- - - - - ------ ------- ------- -------- ------- --------
c 6 6 7 6 6 6 
1 8.7xl0 6.9xl0 l.8xl0 8.5xl0 8.8xl0 7.5xlU 
7 7 7 7 7 7 
2 7.7xl0 6.6xl0 6.lxlO 3.7xl0 5.8xl0 3.6xl0 
8 8 8 8 8 8 
3 6.4xl0 5.lxlO 4.2xl0 4.3x10 l.4xl0 1. 4x 10 
7 8 8 8 7 7 
4 9.4xl0 l.OxlO 2.3xl0 1. 2x 1 O 5.7x10 4.9xl0 
7 7 7 7 7 7 
5 9. lxlO 8.4xl0 4.8xl0 3.3xl0 4.4xl0 3.9xl0 
7 7 7 7 7 7 
6 7.5xl0 6.3xl0 8.5xl0 8.3xl0 5.0xlO 4.lxlO 
----------------------------------------------------------
a o 
APT plates were incubated at 30 C for 2 days aerobically. 
b O 
c 
MRS plates were incubated at 30 C for 2 days 
anaerobi ca 1 ly. 
The encapsulated lactic acid treatment was not fermented. 
Plate counts were performed on these sausages as they 
were removed from the cooler prior to cooking. 
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Table 9. Total plate counts per gram of meat on MSA plates 




Batch 1 Batch 2 Batch 3 
------- ------- - - -- -- -
b 
Trt. No. MSA MSA MSA 
------- ------- -------
5 4 1 
2.3 x l0 J .4x10 < 10 
5 c 5 1 
2 3.9xl0 I: st. 2.6xl0 < 10 
6 5 1 
3 l. lxlU Est. 6.7xl0 Est. < 10 
4 4 l 
4 7.lxlO 3. lxlO < 10 
4 4 1 
5 4. lxlO 4.8xl0 < 10 
5 5 l 
6 1. 8x l O 1. Sx l O < 10 
--------------------------------- ------------ -------------
a 
No growth occured within 10 days. 
b O 
MSA plates incubated at 30 C for 4 - 8 days aerobically. 
c 
Estimated Plate Count procedure (Post, 1983) used 





prl decline to pH 5.0. This decline of viable micrococci 
was consistent with the results of Smith and Palumbo 
(1973). They found that once fermentation started, viable 
counts of micrococci decreased in Lebanon bologna due to 
pH reduction. High counts on treatment #1 (encapsulated 
lactic acid with no added starter cultures) were from 
indigenous microflora which may have affected 
attributes of this summer sausage treatment. 
Sensory Panel Tests 
sensory 
Statistical analysis of sensory panel parameter means 
of summer sausages evaluated by the 25 judges on each of 
three different days showed significant differences (p = 
0.05; Table 10) for flavor, texture, appearance and 
overall acceptability among treatments and judges 
(Appendix L, Table 15). Treatment #4 with lipase (from 
A. niger) and~ plantarum, was significantly lower than 
other treatments for all four sensory panel parameters 
(Table 10). Judges rated treatment #1 with encapsulated 
lactic acid and treatment #6 with an indigenous M. isolate 
and L. plantarum higher than other treatments. Treatment 
~1 had high numbers of indigenous microorganisms and no 
added starter cultures in this control treatment. The 
indigenous microflora (lactobaci l Ii and 
micrococci/staphylococci) may have contributed to the 
higher sensory panel scores. Lipase from A. niger failed 
34 
Table 10. Means of sensory panel parameters for summer 
sausages sampled by 25 judges on each of three 
different days 
----------------------------------------------------------
No. Treatment Flavor Texture Appearance Uveral 1 
------------------------------- --- --- ---------------------
1 Encapsulated b b b b 
lactic acid 6. 2 4 0 6.840 6. 7 2 0 6.467 
2 M. vari ans b d b be L. plantarum 5.960 6. 3 2 U 6.493 6.080 
3 M. species b d b c 
L. plantarum 6. 160 6.067 6.387 6.007 
4 L. elantarum c e c d 
ITpase 5.480 5.427 5.747 5.573 
b cd b be 
5 L. elantarum 6.093 6.373 6.360 6.273 
6 L. elantarum 
Mlcrococcus b bed b b 
isolate 6.267 6.440 6.667 6.467 
---------------------------------------------------------LSD 0.396 0.435 0.365 0.399 
---------------------------------------------------------
Means within a column with different letters are 
significantly different (p = 0.05). 
a 
Overall acceptability. 
Sensory panel parameters were rated on a hedonic scale of 
1 - Y ( 1 = dislike extremely and 9 = like extremely ). 
a 
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to improve flavor of mutton summer sausage possibly 
due to excessive free fatty acid levels (Table 11). 
Micrococci apparently did not play an important role in 
improving sensory acceptability for flavor, appearance, 
texture, or overa 11 acceptability of mutton summer sausage 
in this particular experiment because there was no 
significant difference (p = 0.05) between treatments with 
and without M. varians, ~ sp. or the indigenous~ sp. 
isolate. Micrococcal lipolytic activity may be inhibited 
by low pH due to lactic acid produced by L. plantarum 
during fermentation. Longer fermentation times using lower 
temperatures may allow micrococci to improve flavor in 
fermented sausages and not be inhibited as quickly. 
Treatments with encapsulated lactic acid or L. plantarum 




possibly due to the high levels of 
in all sausage treatments. 




panel parameters were possibly due to differences in 
individual preferences (Appendix L, Table 15). 
There was also a significant difference (p = 0.05) 
by batch (day) for appearance (Table 12; p = 0.05). This 
may have resulted from using different slicing methods in 
cutting the summer sausages. Kitchen slicing knife was 
used in the first sensory panel session but a meat slicer 
was used for the other 2 sessions. Hand-slicing apparently 
36 
Table 11. Overal I means of free fatty acid contents and 
pH values for 6 treatments for three different 
batches of summer sausages after cooking 
----------------------------------------------------No. Treatment Free fatty acid pH 
----------------------------------------------------
Encapsulated b a Lactic acid 0.983 5.333 
2 M. varians b b L. plantarum 1.483 4.963 
3 M. species b b [-:- plantarum 1. 133 5.030 
4 L. plantarum a b ITpase 13.067 4.947 
b b 5 L. plantarum 1. 250 4.960 -
6 L. plantarum b b 
MTcrococcus isolate 1.500 4.977 
------------------------------------------------------LSD 4.969 0. 16 6 
------------------------------------------------------
Means within a column with different letters 
are significantly different (p = 0.05). 
fable 12. Overal 1 treatment means by day for appearance 
moisture, and ash contents of summer sausages 
--------------------------------------------------------
tJay(8atch} Appearance Moisture Ash 
--------------------------------------------------------
a b b 
1 6.540 56.200 1. 9 9 7 
b a a 
2 6. 19 3 57.683 2. 6 77 
ab ab a 
3 6.453 56.950 2. 7 6 7 
-------------------------- - ----------------------
LS l) 0. 2 7 1 1.074 0. 3 6 8 
-------------- --- --------------------------------
Means within a column with different letters 
are significantly different (p = 0.05). 
37 
38 
produced better appearance than the meat slicer possibly 
due to selection of wel I-shaped slices during hand-
sl icing. 
These results were different from those of 
8artholomew et al. (1984) who concluded that starter 
cultures could reduce objectionable mutton flavor in 
fermented summer sausage. They used only one 
combination of L. plantarum and Micrococcus sp. from A8C 
Kesearch Corporation (Gainesville, FL) and did not 
investigate the effects of each culture on objectionable 
mutton flavor reduction. 
Chemical Analyses 
There were no significant differences (p = 0.05) 
among summer sausage treatments for moisture, protein, 
fat, and ash contents (Appendix L, Table 16). Means of 
these chemical constituents are given in Table 13. Free 
fatty acid contents, and pH values of summer sausages 
after cooking, however, differed significantly f0r the 
batches (p = 0.05; Appendix L, Table 16). Treatment #4 had 
increased levels of free fatty acids (Table 11) probably 
due to adding lipase at a level of 0.22% of the meat 
weight (Table 6). A lower amount of lipase might produce 
acceptable results. The differences in free fatty acid 
values among other treatments showed that Micrococcus/ L. 
plantarum contributed to fat break down and release of 
Table 13. Means of moisture, protein, fat, ash contents 
for 6 treatments for three different batches 
of summer sausages 
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---------------------------------------------------------
No. Treatment Moisture Protein Fat ash 
---------------------------------------------------------
t:ncapsul ated a a a a 
lactic acid 57.400 17.793 18. 547 2.5267 
2 M. varians a a a a 
L. plantarum 57.433 18.000 19.250 2.0733 
J M. s p. d a a a 
L. plantarum 56. 533 18.190 19.800 2.6733 
4 L. plantarum a a a a 
CTpase 56.900 17.887 19.983 2.8167 
a a a a 
5 L. plantarum - 55.833 18.227 21.040 2.3100 
6 L. plantarum 
MTcrococcus a a a a 
isolate 57.567 17.987 19.017 2.4800 
---------------------------------------------------------Means within a column with different letters are 
significantly different (p = 0.05). 
Duncan 1 s new multiple range test was used to compare the 
difference among treatments because of no significant F-
values. 
free fatty acids in summer sausages. 
40 
Two treatments with 
Micrococcus and L. plantarum had higher levels of free 
fatty acids than treatment #5 with L. plantarum alone. 
Treatment #3 with Micrococcus sp. and L. plantarum, 
however, contained lower levels of free fatty acids than 
that of treatment #5. It was not possible to determine 
whether.!:__:__ plantarum or th e micrococci contributed more to 
the production of free fatty acids. The pH after 
cooking of treatment #1 was significantly different (p = 
0.05) from other summer sausage treatments (Table 11). 
Higher levels of encapsulated lactic acid would be needed 
to produce a pH less than 5.0 in the cooked sausage. 
Higher moisture and ash contents were significantly 
different (p = 0.05) due to time of preparation (Table 
12). This may have been due to sample preparation or 
differences due to cooking yields on different days. 
Table 14 shows correlation coefficients of moisture, 
protein, fat, ash, free fatty acid contents and pH of 
summer sausage to sensory panel parameters of appearance, 
flavor, texture, and overal 1 acceptability. Free fatty 
acid contents showed significant negative correlations (p 
0.05) with appearance, flavor, texture, and overall 
acceptability of summer sausages, and a high pH of cooked 
sausages was significantly correlated with desirable 
texture of the summer sausages (p = 0.05). The highest 
correlation was a negative correlation between flavor 
Table 14. Correlation coefficients of chemical 
compositions and pH to sensory parameters 
for cooked summer sausages 
4 1 
----------------------------------------------------------
a Moisture Protein Fat Ash F.F.A pH 
------------------------------------------ ----------------
* Appearance -0.04 -0.05 -0. 13 -0.45 -0.59 0.421 
* Flavor 0.05 -0.05 - 0. l 7 -0.00 -0.65 0. l 7 
* * Texture 0.03 - 0. 16 - 0. 11 - 0. 4 2 -0.60 0.58 
* Uveral I 0.03 -0. 13 - 0. l O - O. 16 -0.56 0.31 
----------------------------------------------------------a 
Free fatty acids. 
Negative values indicate negative relationship. The closer 
to zero, the less association between the variables. 
* 
Significantly different (p = 0.05). 
, _.;,... . ___ .. ' 




These results indicate that the use of commercial 
sources of M. varians or Micrococcus sp. and an 
indigenous Micrococcus isolate as starter cultures may not 
significantly improve sensory acceptability of mutton 
summer sausage made from lamb/mutton animals. The animal 
used in this study came from feed lot, rather than range 
conditions and had 1 ow mutton flavor. Indigenous 
Micrococcus spp. were successfully cultivated by adding 
1.5 or 3% NaCl and 120 ppm sodium nitrite to the meat and 
0 
holding the mixture at 5 or 10 C for 5 days. Summer 
sausage treatment #6 (indigenous Micrococcus isolate and 
L. plantarum) was rated as acceptable as commercial 
starter cultures by the 25 judges on each of three 
different sensory panel tests. This indigenous Micrococcus 
isolate, therefore, may have applicatian as a commercial 
starter culture. Addition of lipase from Aspergillus niger 
did not improve sensory acceptability of the fermented 
sausages possibly due to an excessive amount of added 
lipase (0.22% of meat weight). Lower amounts of this 
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MUUlfltU UAUCUCK RAf-'lU FAT UETERM!NATIUN 
(Richardson, 1Y85) 
l) Tare paley bottle on balance. 
2) Weigh Y g of meat into paley bottle. 
0 
J) /\d d lU ml of bU C (laboratory Grade) LG water into 
paley bottle through wide opening. Adjust meat to 22 
0 
+ l c. 
4) Stopper wide opening and shake sample to disperse meat. 
6) Carefully and slowly add 15 - 17 ml of concentrated 
sulfuric acid down the reading tube {3 - 5 ml at a 
time). Acid addition should not exceed 20 sec. Mix 
or swirl sample until it is digested ( dark purplish-
black color) with no clumps or particles remaining. 
7) ~alance the preheated centrifuge and centrifuge sample 
for 5 min after proper speed attained. Stop the 
0 
centrifuge and add hot (6U C) LG water to within 0.6 
cm of neck. Centrifuge for 2 min. Stop centrifuge 
0 
and add hot (6U C) LG water to 45% mark on the reading 
neck. Centrifuge for mi n. 
0 
8) Transfer bottle to a waterbatn maintained at 55 - 60 C 
0 
(preferably 57 C) for a minimum of 5 min. The water 
level should be slightly above the level of the 
fat colum in the bottle. 
Y) Remove bottle from the water bath, and quickly dry it. 
50 
a 
Add 2 drops of glymol (Golden Churn Lab., St. Louris, 
MU) allowing it to run down the inside neck of the 
bottle to the top of the fat column. 
lU) Immediately measure the fat column (using dividers or 
calipers) whi I e the fat is at 55 - 60 C from the bottom 
of the lower meniscus to the sharp line of demarcation 
between the glymol and fat. The reading from top to 
bottom is the fat content in percent. (Fat is measured 
immediately because the volume decreases as the fat 
cools.) 
NOTE: If sample contains more than 40% fat, use 4.5 g of 
sample instead of 9 g and multiply fat reading by 2. 
Centrifugation wil 1 remove air bubbles and other material 
so a clear, clean fat column is produced. 
a 
Red colored glymol {light mineral oil) was added to the 
top of a paley bottle to flatten out the top meniscus 
and provide a sharp line between the yellow fat and 
red glymol for more precise readings. 
S 1 
APPENlJ!X l5 
M!Nlft:K AUAPTAflUN FU~ llJENT!F!CAT!UN UF 
M!C~UCUCCJ ANlJ STAPHYLUCUCC! 
(Woodbury, 1984) 
1) Use a sterile cotton swab to transfer eel Is from non-
selective agar plate to c ml of medium A broth 
(Appendix C). 
n Prepare MlNlHK (tltll) plates by placing the 
carbohydrate disks in the wells so that there is a row 
of disks for each bacterial isolate. 
3) Inoculate each row of disks with U.05 ml of the indivi-
dual cell/broth suspension per well. 
0 
4) Incubate at 32 C for 2 days aerobically or 
anaerobically with a sponge containing disti I led water 
to prevent evaporation of the eel I/broth suspension in 
the wells. 
5) Add proper reagents to disks after incubation. 
i drop of U.Uc5% Phenol Red solution for carbohydrate 
disks. 
l drop of sulfani I ic acid solution and l drop of N-N-
diinethyl-1-naphthyl amine solution for nitrate 
reductase disks. 
drop of 4Ut KUH solution and l drop of 5% I -
naphthol in absolute ethanol for Voges-Proskauer 
disks. {Kefer to M!NITEK manual for other disks.) 
6) Read results as follows: 
Carbohydrate disks: positive 
negative 











orange to red 
pink to red 
colorless 
pi n k to red 
colorless 
red 
yellow to orange 
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A fJ PE rm Ix c 
MEU!UM A tlRUTH FUR MINITEK 
IUENTIFICAf!UN PRUCEUURE 
(tlaird-Parker, 1979) 
U i f CO tlacto pep tone 1. 0% ( w Iv) 
U i f CO yeast ex tract 0. l % 
Sodium chloride 0.5% 
Uistilled water 98.4% 
--------
100.0% 
Oissolve the ingredients with gentle heat. Dispense 
in 5UU ml flasks. Sterilize at 
0 
12 1 c for 20 min. 
Final pH= 7.U - 7.2. 
54 
APl-'tNU!X U 
P~UCtUU~t FU~ CUAGULASt TtST 
{AP! Laboratory Products, 1~84) 
1) Add J drops of sterile disti I led water to the 
macrocupule. A I I ow liquid to stand for at least 
min prior to use. 
L) Use a st e rilized wire loop to take enough colonies 
at least c - J mm in diameter, from the surface of a 
non-selective agar plate. 
J) Thoroughly mix the inoculum by smearing the colonies 
against the wal I of the macrocuple and stir the 
contents with the wire loop for several sec to 
disperse the organisms. 
4) Read agglutination reaction. Microorganisms that 
agglutinate wi I 1 appear as clumps that cannot be 
dissolved in the fluid. The test can be read anytime 
within 1 minute. (Greater than 95% of S. aureus wi ii be 
positive within 15 sec). 
5) Place macrocuples in an incubation tray with a sponge 
containing distilled water to provide a 
atmosphere during incubation and cover with I id. 
0 
humid 
6) Incubate at room temperature {ZU - 25 C) for 18 - 24 
hrs • 
7) After incubation, pick up the incubation unit and tilt 
it back and forth. A positive reaction is one in which 
the contents of the macrocuple do not f I ow. 
55 
A weak 
positive reaction is one in which minimal clear fluid 
movement is observed. A negative reaction is one in 
which the complete contents of the macrocuple flow 
freely. 
8) After all reactions have been recorded, the incubation 
unit must be autoclaved, incinerated, or placed i n 
disinfectant prior to disposal. 
APPENUlX E 
CLASSIFICATION UF 64 INUIGENUUS ISOLATES 
USING AERU81C ANU ANAERU8IC 
INCUBATION CUNUITIUNS 
----------------------------------------------------------------------
Aerobic Anaerobic ------------------- - - - -- - - - - --Grm Cat Coa U ex Man Tre V-P Sue Uex Man Arg - - -- - -- - - - --- --- --- --- --- --- --- - - -M, varians + + - + + - - v Ff:- luteus + + - - + ). aureus + + + + + + + + + s: epidermidis_ + + - + v - v + + - + 
Isolate No. 
----------------
j. 5. 6. 58 + + - + + + + + t 24, j'. 5 1 , 63 + + - + + + - + + 40, 4 I , 55 + + 7 • l 6 , 26 + + - - + l 8, 2 2, 45 + + - - + - - + 48, 5 2, 6U + + - - - - + + 14, 2 5, 64 + + - + + - - + 4 (rod) , 5 7 (rod) - + - - - - + (. 36 + + - - - - + + - - + 9. 6 l + - - + + + - + + - + j 1 I :n + + - - + + - + + l 1 , 4 j + + - + + + + + + - + 1 0 , ,8 + + - + + + + + 
- - - - - - - - - - - - - - - .. - - - ---- - - ---- ---- ---------------- - - - - - - ------ - - - - v, a, 
Aflf>ENU!X E (continued) 
-----------------------------------------------------------------
Aerobic Anaerobic ---- ------- - - - - - - - - - - - - - - - - - - -Isolate No. Gr m Cat Coa Dex Man Tre V-P Sue Dex Man Arg - - - - - - -- - -- - - - - --- --- --- - - - - - - - -- - -- - - - - - - - - - - -l + + - - + - + - - + t 8 + + - - - + + - - + t l z + + - + + + + t - + t l J + + - - + - - t - - t l 5 + + - + - - - + l 7 + + - + - + - t l '::I + + - - - - + - - + + co + + - - + + - - - t t 21 + + - + - - + + t ZJ + + - + + - - + - - + 0 + + - - + .+ + t - t t c '::I + + + - - + + t 30 + + + - + + + + J4 + + - - - - + J5 (rod ) - + - + - + + t t t t J 7 + + 
38 + + + - - - t + t 3 '::I + + - - - - - - + 4 l + + - + - + - t t 42 + + - + - + - t t - t 44 + + - - - + + t - t t 4 6 + + - - - - - + - - t 4 ':! + + - - + + - t - + t SU + + - + - - - + t 53 + + - - - - - - + 54 + + - + + + - t - t t 5b + + - + 5 '::I + + - + - - - t 6c + + - + + + - t - - t -----------------------------------------------------------------
u-, ...._., 
APPENDIX E (continued) 
----------------------Grm = Gram st a i n 
Cat = Cata lase 
Coa = Coagulase 
Dex = lJextrose 
Man = Manni to I 
Tre = Trehalose 
V-P = Voges-Proskauer 
Sue = Sucrose 



































































































M. varians from Trumark Inc. 
M. sp. from A~C Research. 
APPENU!X F ( c ontinued) 
c 
L • 1 
d 
L. c 
L. plantarum from Trumark Inc. 




M!N!HK ALJAPTAflUN FUR !LJENT!F!CAT!UN UF 
LACfU~AC!LLUS PLANTARUM 
(Woodbury, l 984) 
1) Use a sterile cotton swab to transfer eel l s from MRS 
(Uifco) agar plate to 2 ml of MRS Medium (Appendix 
H). 
2) Prepare MINITEK {88L) plates by placing the 
carbohydrate disks in the wells so that there is a row 
of disks for each bacterial isolate. 
J) Inoculate each row of disks with U.05 ml of the indivi-
dual cell/broth suspension per well. 
0 
4) Incubate at JU C for 24 hours anaerobically with 
a sponge containing disti lied water to prevent 
evaporation of the eel 1/broth suspension in the wells. 
S) Add l drop of 0.025% Phenol Red solution for 
carbohydrate disks . 
6) Read results as follows: 
Carbohydrate disks: positive= distinctive yellow 
negative = orange to red 
be 
AfJfJENUlX H 
M~S (U!FCU) MEU!UM FU~ M!N!TEK 
!UENT!F!CAflUN PKUCEUU~E 
(Ue Man et al., 1960) 
fryptone 10.00 g 
Yeast extract 5.UU g 
flolyoxyethylene sorbitan mono-oleate (Tween-80) 1.00 ml 
Potassium phosphate, di basic ( K HPU ) 2.00 
2 4 
Sodium acetate (CH COUNa.3H u) 5.00 
3 2 
Ammonium citrate 1. 86 
Magnesium sulfate (Mg SU • 7 H u) 0.20 
4 c 
Manganese sulfate (Mn SU .4H u) 0.05 
4 2 
Uistilled water 1000.UO 
Oissolve the ingredients with gentle heat. Uispense 
0 










1) Cultivate selected indigenous cells i n f I ask 
containing 250 ml of APT broth {Uifco) for 48 hours at 
0 
cU Con an Eberbach (Ann Arbor, Ml) shaker. 
c) Harvest cells in SU ml plastic centrifuge bottles by 
centrifugation at c8UO X gravity for lU minutes using 
a UAMUN-IEC UPR-6000 centrifuge Needham., MA). 
J) Carefully decant the supernatant broth and wash the 
cells by resuspending them in 10 ml of sterile distilled 
water. Recentri fuge. 
4) Collect cell pellet and dilute it with 0.1% peptone 
water and match the cell suspension with McFarland 
nephelometer barium standard 
y 
#5 to obtain l.5xlU cells/ml by 
visually. 
{lennette et al., 1980) 
comparing turbidity 
/\PPF.rln TX J 
FnRM usrn FOP SE'IS()PY PM!EL TEST 
(Form WijS rerlucerl by 75~ from oriqinal) 
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Al-'1-'1.:NU!X K 
A RAP!U MtTHUU OF TUTAL Lll-'!U EXTRACT!UN 
ANU f>URlF!CAT!UN 
( 111igh and Uyer, 1959; Christie, 1984 ) 
The meat sample is assumed to contain 80% water. lf 
its moisture co nt e nt is different from 8U%, samp l e amount 
or solvent volume can be adjusted. The volume of 
chloroform, methanol, and water, should be maintained in 
the proportions of 1:2:0.8 before dilution and 2:2:1.8 
after dilution in step 3. 
1) Homogenize lUO g of meat sample with a mixture of 100 ml 
chloroform and 200 ml methanol in a blender for 4 
minutes. 
2) Fi I ter the homogenate with a s Ii ght vacuum and 
homogenize the residue once more with 100 ml chloroform 
for about 30 seconds and refi I ter. 
3) Add 100 ml of potassium chloride solution ( U.88% w/v) 
to the combined filtrates and shake vigorously. Allow 
to settle. 
4) Remove upper layer with any interfacial material by 
aspiration. 
~) Filter the lower phase which contains tne lipids and 
remove solvent under vacuum on a rotary evaporator. 
6) Store the I ipid in a smal 1 volume of chloroform at 
0 
~UC unti I required. 
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APPENUIX L 
TA~LES UF STATISTICAL ANALYSIS 
6 7 
Table 15. Analysis of variance of sensory panel parameters 




Flavor Texture Appearance Overall 
-------- -------- ---------- ---------b c d e 
sv df MS F MS F MS F MS F 
---------------------------------------------------------
Treat- * * * 
ment(T)5 6. 4 3 4. 2 9 1 6. 7 3 9. 2 4 9. 16 7 . 2 1 8.60 5.66 
* * * 
Judge 24 21. 56 14. 3 7 14. 6 4 8.U9 15.82 12.46 19.03 12.52 
Error 
(A) 120 1. 50 1. 81 1. 2 7 1. 52 
* 
Day(D) 2 2. 7 5 1. 66 1. 76 0.98 4.88 J.39 0.90 0.62 
TxD 10 1. 15 0.69 l. 50 U.84 l. 38 0.96 l. 54 l. 06 
Error 






Source of variation. 
c 
Degrees of freedom. 
d 




Si gni fi cant at p = O. OS. 
* 
* 
Table 16. Analysis of variance of chemical analyses on 6 
summer sausage treatments for three different 
days 
-----------------------------------------------------------------------
Moisture Protein Fat 
a 
Ash F . F. A 
- - ------- --------- --------- - - - - - - - - - - - - - - - - - - - - -b c d e 
sv df MS F MS F MS F MS F MS F 
-----------------------------------------------------------------------Treat-
ment 5 l. 3 4 1. 4 3 0.09 0. 5 2 2. 3 0 l. 2 7 0. 2 l l. 0 3 6 Y. 7 U tl • 9 3 
Error l 2 O. 9 4 0. 16 1. 82 0 • 2 0 7. 8 0 ( A ) 
* * l) a Y 2 3. 301 4. 33 0.168 1.23 3. 4 5 l. 96 1.063 11.86 9 • l 0. 3 2 
Error 
( tl ) l 5 0. 7 6 2 
---------
O. 13 6 1. 7 6 0,090 2 8. 3 
Total 34 
----------------------------------------------------------------------a 
rree fatty acids. 
b 
Source of variation. 
c 
Uegrees of freedom. 
d 




Significant at p = 0.05. 
* 
°' :0 
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0. 0 2 4 
-----------------------------a 
Free fatty acids, 
D 
Source of variation. 
c 
Uegrees of freedom. 
d 




Significant at p = 0.05. 
°' '° 
